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The seismicity in Japan after the 2011 Tohoku-Oki earthquake changed 
dramatically (e.g., Hirose et al., 2011). Most of these changes can be explained either 
by static (Ishibe et al., 2011; Toda et al., 2011a,b; Enescu et al., 2012) or dynamic (e.g., 
Yukutake et al., 2011; Miyazawa, 2011) stress changes due to the 2011 Tohoku-Oki 
earthquake. 
The seismicity in a few inland regions of northeast Japan was also clearly activated 
following the M9.0 event (e.g., Toda et al., 2011). Given the compressional tectonic 
regime in northeast Japan, the seismicity in such areas, after the megathrust event, 
should have been inhibited rather than activated, if we assume the Coulomb failure 
criterion (Terakawa et al., 2012). Thus, the static stress transfer from the Tohoku-oki 
earthquake cannot explain this seismicity increase. It may be possible to relate such 
activation with dynamic stress changes caused by the passage of surface waves from 
the 2011 Tohoku-oki earthquake. However, based on the Japan Meteorological Agency 
(JMA) earthquake catalog, the seismicity in these inland areas was activated with a 
delay of more than several hours after the Tohoku-oki earthquake. Such a delay, if real, 
would make the dynamic triggering unlikely. 
One of the inland areas in northeast Japan where the seismicity was clearly activated 
following the 2011 Tohoku-oki earthquake is the northern part of Nagano region. An 
Mw6.2 earthquake occurred here after about 13 hours from the Tohoku-Oki earthquake. 
A few sparse events started occurring earlier in the region, however according to the 
JMA earthquake catalog there is no recorded seismicity in the first 7 hours after the 
M9.0 event. To understand the triggering mechanism in the region, it is essential to 
have an earthquake dataset as complete as possible. Unfortunately, the seismicity 
immediately after large earthquakes is incompletely recorded in earthquake catalogs 
(Kagan, 2004). 
 
 In Chapter 2, as seismic catalogues are usually incomplete after large earthquakes, I 
have applied the Matched Filtered Technique (Peng and Zhao, 2009) to detect missing 
events within the first 13 hours after Tohoku-oki earthquake, using continuous 
waveforms and template events recorded at Hi-net seismic stations in Northern Nagano. 
As a result, I have identified 139 new events in the study area, with M1.0~3.0. Few of 
these events are located close to the hypocenter of the Mw6.2 earthquake, and many 
 2 
others locate about 10km to the south, in an area where an Mw5.4 earthquake occurred 
about one month later. 
 In the northern area (around the Mw6.2 hypocenter) the activation of seismicity is 
relatively weak and there is no detection in the first 3h after the Tohoku-oki earthquake. 
However, a few earthquakes (foreshocks) occur very close to the hypocenter of the 
Northern Nagano earthquake, at short times before the Mw6.2 event. In the southern 
area, around the hypocenter of the Mw5.4 quake, the seismicity starts immediately after 
the megathrust event and shows episodic activation that consists in small events 
occurring in tight spatio-temporal clusters. In several of these clusters I have identified 
events that occur within the incoming surface-wave train from the Tohoku-oki 
earthquake, so were likely triggered dynamically. The seismicity in the south is 
shallower and shows an overall swarm-type behavior, although no clear migration 
could be identified. Furthermore, the early activation occurs in areas of relatively high 
near-surface fluid temperature, indicating that the dynamic triggering is likely caused 
by excitation of geothermal crustal fluids. These results bring detailed evidence on the 
essential role of geothermal activity, as revealed by shallow-depth fluid temperature 
data, as well as crustal fluid excitation to modulate seismicity activation. 
 
In Chapter 3, I take advantage of the data recorded by a dense temporary seismic 
network operated by NIED from 2008 to 2012 to reveal with an unprecedented 
resolution the nucleation process that culminated with the occurrence of the Northern 
Nagano earthquake. 
I have detected a total of 285 earthquakes in the source region of the Mw6.2 event. 
The earthquakes are relatively small, with magnitudes less than 2.5, and distribute 
within two spatially distinct clusters: one of these clusters was located close to the 
hypocenter of the Mw6.2 event (western cluster), the other about 5 km to the east 
(eastern cluster). 
In the eastern cluster the seismicity starts within one hour after the Tohoku-oki 
earthquake. The events occur off the Mw6.2 fault and expand with time from shallow 
towards deep locations. In the western cluster the seismicity starts immediately after 
the passage of surface waves excited by a moderate earthquake in the Tohoku-oki 
aftershock area, which occurred 21 minutes after the Mw9.0 megathrust; most of these 
events distribute along the fault line of the Mw6.2 mainshock. Within the western 
seismicity area, a tight sub-cluster that occurred in the immediate vicinity (within about 
2 km) of the Mw6.2 hypocenter was strongly activated thrice: about 9 hours before, 3 
hours before and 50 minutes before the mainshock, respectively. In particular, about 9-
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hours before and 3-hours before the Nagano earthquake, micro-seismicity migrated 
towards its epicenter, and just about 1-hour before, micro-seismicity accelerated within 
about several hundred meters of the Mw 6.2 epicenter. Migration speeds indicate 
potential underlying slow-slip culminating with the occurrence of the large inland 
earthquake, but fluids might have also played a triggering role at a broader, regional 
scale. 
In both western cluster and eastern cluster some events occurred during or 
immediately after the passage of surface waves from some MJMA≥5.5 Tohoku-oki 
aftershocks. I show that the local seismicity continued intermittently until the 
occurrence of the M6.2 event, being likely ‘modulated’ by the arrival of surface waves 
from larger teleseismic aftershocks off-shore Tohoku.  
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